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(54) Antibody detection method involving an oligonucleotide enhanced collodial gold signal

(57) The present invention refers to a rapid immun-
ochromatographic test device for antibody detection,
comprising at least a first and a second conjugate releas-
ing pad, wherein the first conjugate pad comprises a gold
conjugated protein linked first oligonucleotide and a gold
conjugated anti-antibody, and the second conjugate pad
comprises a gold conjugated protein linked second oli-

gonucleotide, which second oligonucleotide is comple-
mentary to the first oligonucleotide. The present invention
further refers to a use of such test device for antibody
detection in urine or saliva, e.g. HIV antibody. Embodi-
ments of the test device are a test strip and a detection
cup. The present invention also refers to a method for
manufacturing such test device.
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Description

[0001] The present invention refers to a rapid immunochromatographic test device in the form of a test strip or a
detection cup comprising a first and a second conjugate pad, wherein the first conjugate pad comprises a protein linked
oligonucleotide and an anti-antibody, and the second conjugate pad comprises a protein linked complementary oligo-
nucleotide, wherein the protein linked oligonucleotides and the anti-antibody are gold conjugated. The present invention
further refers to a use of such test device for antibody detection in urine or saliva. The present invention also refers to
a method for manufacturing such test device.

Background of the Invention

[0002] In recent years, the in vitro diagnostics (IVD) industry has made enormous efforts to develop immunochroma-
tographic tests. Such tests have found applications in both clinical and non-clinical fields1. A clinical utility of this test
format has been shown for more than 150 different analytes, and many of them are target now of commercially available
diagnostic products3. The wide range of applications for such devices has been reviewed1,2.
[0003] Rapid immunochromatographic test devices, e.g. in the form of a test strip, are made up of a number of
components (see Fig. 1). Such a test strip 101 commonly includes a sample pad 102, a conjugate pad 103, a membrane
104, e.g. a nitrocellulose membrane, and an absorbent pad 105. The membrane 104 is usually attached by means of
an adhesive 106 to a supporting backing 107, e.g. made of plastic. In practice, the user dispense a patient sample
(usually urine or whole blood) onto the sample pad 102. The sample then flows through the sample pad 102 into the
conjugate pad 103, where it mixes with and releases the detector reagent. This mixture then flows across the membrane
104, where it binds with the test and control reagents located in the capture test zone 108 (sample zone) and negative
control zone 109, respectively. When the mixture binds to the reagent that forms the test line, a positive result is indicated.
The colour intensity of the test line is proportional to the concentration of analyte in the sample. Excess sample that
flows beyond the test and control zones 108, 109 is taken up in the absorbent pad 105.
[0004] Rapid immunochromatographic test devices for diagnostic purposes are easy to operate and thus do not only
contribute to the comfort of professional users, e.g. medical stuff, but also allow the operation by non-professionals
users, e.g. most patients.
[0005] However, despite the wide use of rapid immunochromatographic test devices, their suitability is still limited with
regard to certain applications. Urine, for example, contains very low levels of IgG, frequently around 1 mg/l. Therefore,
the detection of antibodies, e.g. directed to HIV or HCV, require very sensitive techniques. To date, the tests for antibodies
in urine samples are based on ELISA and Western blot techniques, which are labour-intensive, time-consuming and
need to be carried out by qualified persons. Efforts are being made to develop simple and/or rapid tests for the detection
of antibody to HIV in urine specimens 4.
[0006] Oral fluid specimens consist mostly of saliva, which predominantly contains IgA class antibody, and oral mucosal
transudates, which mostly contain IgG, and therefore also have much lower levels of IgG than serum. The levels of IgG
normally found in oral fluid specimens (approximately 15 mg/l) are, however, higher than in urine specimens and inno-
vative simple and rapid technology that has been shown to be effective for whole blood, serum and plasma, e.g. lateral
flow through a chromatographic membrane, has been developed for use with these specimens4.
[0007] It is therefore an object of the present invention to provide a method and means for sensitive antibody detection,
e.g. for the detection of antibodies directed against HIV antigen, in urine and saliva.

Summary of the Invention

[0008] The object of the present invention is solved by a rapid immunochromatographic test device for antibody
detection, comprising at least a first and a second conjugate releasing pad, wherein the first conjugate pad comprises
a gold conjugated protein linked first oligonucleotide and a gold conjugated anti-antibody, and the second conjugate
pad comprises a gold conjugated protein linked second oligonucleotide, which second oligonucleotide is complementary
to the first oligonucleotide. An anti-antibody is an antibody that is specifically directed against another antibody.
[0009] In one embodiment, the test device is in the form of a test strip.
[0010] In an alternative embodiments, the test device is in the form of a detection cup.
[0011] In one embodiment, the first and the second conjugate pads are separated from each other. Such separation
may be realized by a divider, preferably a plastic divider, sandwiched between the two pads, or by placing the two pads
spaced apart from each other at different locations. The purpose of separating the two pads is to prevent untimely mixing
of the conjugates comprised in the first and second pad.
[0012] In one embodiment, the conjugate pads further comprise optionally modified water-soluble chitosan.
[0013] The object of the present invention is further solved by a use of a test device according to the present invention
for the detection of an antibody in a sample of urine or saliva of a subject, preferably human.
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[0014] In a preferred embodiment, the antibody to be detected is selected from antibodies directed against HIV, HCV,
and H. pylori antigen.
[0015] The object of the present invention is further solved by a method for preparing a test device according to the
present invention, comprising the following steps:

(a) providing a first conjugate solution comprising a gold conjugated protein linked first oligonucleotide and a gold
conjugated anti-antibody, and applying said solution to a first conjugate pad;

(b) providing a second conjugate solution comprising a gold conjugated protein linked second oligonucleotide, and
applying said solution to a second conjugate pad;

(c) providing a membrane comprising an antigen recognized by the antibody to be detected, which antigen is
immobilized within a sample zone, and a non-specific antibody immobilized within a control zone. Immobilization
can be realized by direct or indirect attachment to the membrane and has the effect that the sample zone antigen
is not released.

[0016] In one embodiment, the method is for preparing a test device in the form of a test strip and additionally comprises
the following steps:

(d) placing the membrane onto a backing material;

(e) placing the first conjugate pad onto the membrane;

(f) placing a divider, preferably a plastic divider, onto the first conjugate pad;

(g) placing the second conjugate pad onto the divider.

[0017] In an alternative embodiment, the method is for preparing a test device in the form of a detection cup and
additionally comprises the following step:

(d’) placing the membrane and the first and second conjugate pads into a container, wherein the first and second
conjugate pads are separated from each other. Such separation may be realized by placing the two pads spaced
apart from each other at different locations in the container interior.

[0018] In one embodiment of the method, optionally modified water-soluble chitosan is added during the preparation
of the first and second conjugate solutions prior to conjugation of colloid gold with the anti-antibody and/or the protein
linked oligonucleotides, i.e. the protein linked first oligonucleotide and the protein linked second oligonucleotide.
[0019] In a preferred embodiment of the method, the colloidal gold is prepared by reduction of a 1% aqueous solution
of tetrachloroauric acid using trisodium citrate aqueous solution to produce spheroidal gold particles.
[0020] Thus, the present invention provides a rapid immunochromatographic detection system for antibody detection
comprising a test strip and two conjugate releasing pads with different compositions. The first pad comprises anti-
antibody, e.g. mouse anti-human IgG, specifically recognizing the antibody to be detected, and a protein linked oligo-
nucleotide ("sense" or first oligonucleotide). The proteins, i.e. the anti-antibody and the protein linked to the oligonucleotide
(e.g. bovine serum albumin, BSA), are conjugated with colloidal gold. The second conjugate pad comprises a further
protein linked oligonucleotide ("antisense" or second oligonucleotide) also conjugated with colloidal gold. The both
oligonucleotides, i.e. the sense and antisense oligonucleotide, are complementary to each other. When the sample
comes into contact with the anti-antibody of the first pad, the antibody to be detected is captured and thereby a complex
is formed comprising the antibody, the conjugated anti-antibody and the conjugated protein linked sense oligonucleotide.
This complex is carried to the sample zone where an antigen is immobilized which is recognized by the antibody to be
detected. The complex will be captured then by the antigen within the sample zone. The conjugated protein linked
antisense oligonucleotide which is released from the second conjugate pad also moves to the sample zone where the
complementary oligonucleotides, i.e. the sense and the antisense oligonucleotides, bind to each other. Thus, the complex
of antibody, anti-antibody and the sense oligonucleotide, which complex is bound within the sample zone serves as a
target for the antisense oligonucleotide. Due to sense/antisense oligonucleotide and antibody/anti-antibody/antigen
interaction, a multi-complex is formed. The binding between the two conjugates will enhance the signal colour intensity
and thus enhance the sensitivity of detection.
[0021] In addition to making use of the oligonucleotide/complementary oligonucleotide interaction, further sensitivity
enhancement is achieved by using a large sample volume of urine or saliva and by using water-soluble chitosan (or



EP 1 933 140 A1

4

5

10

15

20

25

30

35

40

45

50

55

modified water-soluble chitosan).

Detailed Description of the Invention

Brief Description of the Figures

[0022]

Figure 1a shows top and side views of a typical rapid-flow immunochromatographic test device in the form of a test
strip 101 including a sample pad 102, a conjugate pad 103, a membrane 104, an absorbent pad 105, an adhesive
106, a supporting backing 107, a test or sample zone 108, and a control zone 109.

Figure 1b shows top and side views of a rapid-flow immunochromatographic test device according to the present
invention in the form of a test strip 101 including a sample pad 102, a first conjugate pad 103.1, a second conjugate
pad 103.2, a membrane 104, an absorbent pad 105, an adhesive 106, a supporting backing 107, a test or sample
zone 108, a control zone 109, and a conjugates divider 110 separating the conjugate pads 103.1 and 103.2.

Figure 2a shows an assembly comprising a test strip 201, an absorbent sample pad 202, and an absorbent pad 205.

Figure 2b shows an immunochromatographic detection cup comprising a sample-collecting container 210, a cap
211, a first conjugate pad 203 and a second conjugate pad 203’, and the assembly shown in Fig. 2a.

EXAMPLES

EXAMPLE 1: Preparation of protein linked oligonucleotide

[0023] 5 mg of bovine serum albumin (BSA) each was linked to an oligonucleotide (about 20 nucleotides having an
amino group at the 5’ terminus) and to a complementary oligonucleotide (about 20 nucleotides having an amino group
at the 5’ terminus) according to the method of Duncan et al. (1983)5 which can be illustrated as a procedure comprising
the following steps:
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EXAMPLE 2: Preparation of conjugate releasing pads comprising oligonucleotide linked protein

[0024] The oligonucleotide and complementary oligonucleotide linked BSA prepared as described in Example 1 are
further processed according to a procedure comprising the following steps:

(a) prepare oligonucleotide linked BSA solution (solution 1);
(b) prepare complementary oligonucleotide linked BSA solution (solution 2);
(c) prepare 1% aqueous solution of tetrachloroauric acid at room temperature;
(d) prepare 4% trisodium citrate aqueous solution at room temperature;
(e) prepare 0.05 M potassium carbonate aqueous solution at room temperature;
(f) prepare 400 ml of phosphate stabilizing buffer, pH 7.4, containing BSA, Tween 20, sucrose, polyvinylpyrrolidone
and preservative (like sodium azide) at room temperature;
(g) prepare colloidal gold solution by reduction of 1.7 ml boiling tetrachloroauric acid solution (after dilution in 100
ml) using 1 ml trisodium citrate solution and equilibrate to room temperature;
(h) dilute the colloidal gold solution 1:1 using distilled water and adjust the pH to 7.4 using potassium carbonate
solution at room temperature;
(i) prepare 200 ml of phosphate conjugation buffer, pH 7.4, at room temperature;
(j) partition the 200 ml conjugation buffer by dividing it between two flasks (100 ml each), i.e. a first and a second flask;
(k) add 0.5 mg of an aqueous anti-antibody solution to the conjugation buffer in the first flask while stirring at room
temperature;
(l) add 0.5 mg of the oligonucleotide linked BSA aqueous solution (solution 1) to the first flask at room temperature;
(m) add 1.0 mg of the complementary oligonucleotide linked BSA aqueous solution (solution 2) to the conjugation
buffer in the second flask while stirring at room temperature;
(n) add 100 ml colloidal gold solution into each flask while stirring at room temperature;
(o) add 200 ml of stabilizing buffer to each flask and concentrate each conjugate solution by cooled (temperature
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around 15°C) high speed centrifugation (10,000 rpm for one hour);
(p) discard the supernatant and re-suspend the concentrated conjugates at room temperature;
(q) adjust the concentration for each of the two conjugates to O.D.520= 2.0;
(r) add 0.1 ml of Tween 20 to the first conjugate solution and soak a glass fibre sheet conjugate pad with the conjugate
solution, then heat dry at temperature around 50°C;
(s) soak another glass fibre sheet conjugate pad with the second conjugate, then heat dry at temperature around 50°C.

EXAMPLE 3: Preparation of a test device in the form of a test strip

[0025] In case of a test strip, the first conjugate releasing pad 103.1 is prepared by soaking with oligonucleotide linked
BSA and anti-antibody conjugate, while the other pad 103.2 is prepared by soaking with complementary oligonucleotide
linked BSA conjugate (see Example 2).
[0026] In more detail, the test device is prepared according to a procedure comprising the following steps:

(a) prepare a phosphate sample buffer containing goat serum, ethylenediamine tetraacetic acid (EDTA), non-fat dry
milk, preservative (like sodium azide) and Tween 20;

(b) soak a sample pad with the phosphate sample buffer and heat dry at a temperature around 50°C;

(c) prepare a colloidal gold solution (see Example 2);

(d) conjugate colloidal gold with oligonucleotide linked BSA and anti-antibody to prepare the first conjugate (see
Example 2), add Tween 20 to this first conjugate solution, soak a conjugate pad with this first conjugate solution
and heat dry at a temperature around 50°C;

(e) conjugate colloidal gold with complementary oligonucleotide linked BSA to prepare the second conjugate, soak
a conjugate pad with this second conjugate solution (see Example 2) and heat dry at a temperature around 50°C;

(f) print sample zone antigen (i.e. the antigen recognized by the antibody to be detected, e.g. envelop antigens of
HCV) and control zone antibody (i.e. non-specific antibody) onto a nitrocellulose membrane and heat dry at a
temperature around 50°C;

(g) prepare a membrane blocking solution containing Tween 20 and non fat dry milk;

(h) block the nitrocellulose membranes using the blocking solution and heat dry at a temperature around 50°C;

(i) laminate in the following order components of the test strip onto a backing material:

(i.i) laminate the nitrocellulose membrane nearly in the middle of the test strip;
(i.ii) laminate the absorbent pad at the end of the test strip (overlaps from the nitrocellulose membrane side);
(i.iii) laminate the first conjugate pad on the other side of the nitrocellulose membrane;
(i.iv) laminate the plastic divider onto the first conjugate (overlaps from the nitrocellulose membrane side);
(i.v) laminate the second conjugate pad onto the divider (overlaps from the nitrocellulose membrane side);
(i.vi) laminate the sample pad onto the other end of the sheet, the sample pad shall overlap with the two conjugate
pads;

(j) pack the test strip into an aluminium pouch with a silica gel desiccant.

[0027] In steps (d) or (e), a sheet can be used instead of a single conjugate pad which is cut into several pads after
drying. Similarly, in step (i), a sheet can be used which is cut into strips after having laminated all components.
[0028] The antigens used may be synthetic or recombinant.
[0029] Control and sample zone may be realized by lines. More than one sample zone and/or more than one control
zone are also contemplated.
[0030] A urine wick can be used in case of urinary testing, while a blood filter is used in case of blood testing.

EXAMPLE 4: Urinary HCV IgG test strip

[0031] The first conjugate releasing pad 103.1 comprises gold conjugate 1, i.e. conjugated anti-antibody, and conju-
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gated BSA linked oligonucleotide 1. The second conjugate releasing pad 103.2 comprises gold conjugate 2, i.e. conju-
gated complementary oligonucleotide 2. The sample zone 208 comprises a mixture of synthetic and recombinant NS3
and envelop antigens of HCV which antigens are immobilized onto the nitrocellulose membrane 104. The control zone
109 comprises anti-mouse IgG. The sample and control zones 108, 109 turn into purple colour in case that HCV IgG is
present in the sample; only the control line 109 turns into purple colour in case of HCV IgG free sample.

EXAMPLE 5: Immunochromatographic detection cup

[0032] Another embodiment of the rapid immunochromatographic detection system of the present invention is shown
in Fig. 2a, b. This immunochromatographic detection cup comprises a sample-collecting container 210, actually the
"cup", a cap 211 for closing the container, and a detection test strip 201 inserted into the container 210. The test strip
201 may be placed inside the transparent container wall, and the test result can be read on the outer surface. The test
strip 201 comprises a nitrocellulose membrane 204 and is linked via an absorbent pad 202 on the test strip 201 to an
absorbent sample pad 202 placed on the bottom of the container 210. The absorbent sample pad 202 is designed to
cover the inner surface of the container bottom. At the opposite end, the test strip 201 is linked via an absorbent pad
205 on the test strip to an absorbent pad 205 which is fitted into the cap 211 of the container and is designed to be thick
enough to absorb more than 15 ml of sample.
[0033] A first gold conjugate releasing pad 203 is fixed at the inner surface of the container wall which pad 203
comprises gold conjugated anti-antibody and gold conjugated BSA linked oligonucleotide. A second gold conjugate
releasing pad 203’ is also fixed to the inner surface of the container wall which pad 203’ comprises gold conjugated
albumin linked complementary oligonucleotide. Importantly, both conjugate pads are fixed at different locations. The
gold conjugates will begin releasing from pad 203 and 203’ during the urine sample is streaming into the container 210.
Release into the sample will increase the possibility of interaction between the conjugates and the antibodies to be
detected.
[0034] The sample zone 208 comprises an antigen which is specifically recognized by the antibody to be detected.
The antigens used may be synthetic or recombinant. Non-specific antibody is immobilized as a control zone 209 onto
the nitrocellulose membrane 204. In the embodiment shown in Fig. 2a, b the control zone 209 is realized by a control
line. More than two sample zones 208 and/or more than one control zone 209 are also contemplated.

EXAMPLE 6: Preparation of a test device in the form of a detection cup

[0035] In case of a urinary or saliva immunochromatographic detection cup, two pads 203 and 203’ are soaked each
with one of the solutions containing gold conjugate, the first solution containing oligonucleotide linked BSA and anti-
antibody, the second solution containing complementary oligonucleotide linked BSA. The two different conjugate re-
leasing pads 203 and 203’ are fixed to the inner surface of the container 210 at different locations (see Fig. 2b).
[0036] In more detail, a detection cup is prepared according to a procedure comprising the following steps:

(a) prepare a phosphate sample buffer containing goat serum, ethylenediamine tetraacetic acid (EDTA), non-fat dry
milk, preservative (like sodium azide) and Tween 20;

(b) soak a sample pad with the phosphate sample buffer and heat dry at a temperature around 50°C;

(c) prepare a colloidal gold solution (see Example 2);

(d) conjugate colloidal gold with oligonucleotide linked BSA and anti-antibody to prepare the first conjugate (see
Example 2), add Tween 20 to this first conjugate solution, soak a conjugate pad with this first conjugate solution
and heat dry at a temperature around 50°C;

(e) conjugation colloidal gold with complementary oligonucleotide linked BSA to prepare the second conjugate (see
Example 2), soak a conjugated pas with this second conjugate solution and heat dry at a temperature around 50°C;

(f) print sample zone antigen (i.e. an antigen recognized by the antibody in the sample to be detected, e.g. HIV
envelop protein gp160) and control zone antibody (e.g. non-specific antibody) onto a nitrocellulose membrane and
heat dry at a temperature around 50°C;

(g) prepare a membrane blocking solution containing Tween 20 and non fat dry milk;

(h) block the nitrocellulose membranes using the blocking solution and heat dry at a temperature around 50°C;
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(i) laminate in the following order the components of a test strip to be inserted in the container onto a backing material
sheet:

(i.i) laminate the nitrocellulose membrane nearly in the middle of the test strip;
(i.ii) laminate the absorbent pad at the end of the test strip (overlaps from the nitrocellulose membrane side);

(j) assemble the test strip into a plastic housing, i.e. the container;

(k) attach the fist and the second conjugate pad inside the container;

(l) pack the detection cup into an aluminium pouch with a silica gel desiccant.

[0037] In steps (d) or (e), a sheet can be used instead of a single conjugate pad which is cut into several pads after
drying. Similarly, in step (i), a sheet can be used which is cut into strips after having laminated all components.
[0038] The antigens used may be synthetic or recombinant. Control and sample zone may be realized by lines. More
than one sample zone and/or more than one control zone are also contemplated.
[0039] A urine wick can be used in case of urinary testing, while a blood filter is used in case of blood testing.

EXAMPLE 7: Urinary HIV IgG detection cup

[0040] The first conjugate releasing pad 203 comprises gold conjugate 1, i.e. conjugated anti-antibody, and oligonu-
cleotide 1. The second conjugate releasing pad 203’ comprises gold conjugate 2, i.e. conjugated complementary oligo-
nucleotide 2. The sample zone 208 comprises recombinant envelope protein gp160 immobilized onto the nitrocellulose
membrane 204. The control zone 209 comprises mouse anti-mouse IgG. Sample and control zones 208, 209 turn into
purple colour in case that of HIV IgG is present in the sample; only the control zone 209 turns into purple colour in case
of HIV IgG free sample.

EXAMPLE 8: Amplification of gold conjugate colour intensity

[0041] The colloidal gold conjugate colour intensity was amplified using water-soluble chitosan (or modified water-
soluble chitosan) as a colour intensity modification agent. The action of water-soluble chitosan (or modified water-soluble
chitosan) in connection with the antibodies or antigens is on the colour intensity of the colloidal gold. Chitosan is added
during the preparation of colloidal gold, but prior to the conjugation of colloidal gold with the proteins. Water-soluble
chitosan (or modified water-soluble chitosan) affect the colour intensity of colloidal gold and so increases the ability of
the human eye to identify the colour, and, thus, enables to detect very low concentrations of the analyte. Signal ampli-
fication lies in the range of up to 10folds. Colloidal gold could be prepared by the reduction of 1% aqueous solution of
tetrachloroauric acid (HAuCl4) using trisodium citrate aqueous solution to produce spheroidal gold particles. After colloidal
gold preparation, water-soluble chitosan (or modified water-soluble chitosan) aqueous solution was added with a suitable
volume and concentration to convert colour from purple to violet pending on the volume and concentration of the added
modification solution.
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Claims

1. A rapid immunochromatographic test device for antibody detection, comprising at least a first and a second conjugate
releasing pad, wherein the first conjugate pad comprises a gold conjugated protein linked first oligonucleotide and
a gold conjugated anti-antibody, and the second conjugate pad comprises a gold conjugated protein linked second
oligonucleotide, which second oligonucleotide is complementary to the first oligonucleotide.

2. The test device according to claim 1 in the form of a test strip.

3. The test device according to claim 1 in the form of a detection cup.

4. The test device according to any of the preceding claims, wherein the first and the second conjugate pads are
separated from each other.

5. The test device according to any of the preceding claims, wherein the conjugate pads further comprise optionally
modified water-soluble chitosan.

6. A use of a test device according to any of claims 1 to 5 for the detection of an antibody in a sample of urine or saliva
of a subject, preferably human.

7. The use according to claim 6 wherein the antibody to be detected is selected from antibodies directed against HIV,
HCV, and anti-H. pylori antigen.

8. A method for preparing a test device according to any of claims 1 to 5, comprising the following steps:

(a) providing a first conjugate solution comprising a gold conjugated protein linked first oligonucleotide and a
gold conjugated anti-antibody, and applying said solution to a first conjugate pad;
(b) providing a second conjugate solution comprising a gold conjugated protein linked second oligonucleotide,
and applying said solution to a second conjugate pad;
(c) providing a membrane comprising an antigen recognized by the antibody to be detected, which antigen is
immobilized within a sample zone, and a non-specific antibody immobilized within a control zone.

9. The method according to claim 8 for preparing a test device in the form of a test strip, additionally comprising the
following steps:

(d) placing the membrane onto a backing material;
(e) placing the first conjugate pad onto the membrane;
(f) placing a divider, preferably a plastic divider, onto the first conjugate pad;
(g) placing the second conjugate pad onto the divider.

10. The method according to claim 8 for preparing a test device in the form of a detection cup, additionally comprising
the following step:

(d’) placing the membrane and the first and second conjugate pads into a container, wherein the first and second
conjugate pads are spaced apart from each other at different locations.

11. The method according to any of claims 8 to 10, wherein optionally modified water-soluble chitosan is added during
the preparation of the first and second conjugate solutions prior to conjugate colloid gold with the antibody and/or
protein linked oligonucleotide.

12. The method according to claim 11, wherein the colloidal gold is prepared by reduction of a 1% aqueous solution of
tetrachloroauric acid using trisodium citrate aqueous solution to produce spheroidal gold particles.
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